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With reference to’data from a Swedish fea tae cree into learning diffi - 

‘ culties in, mathematics, an analysis is.preSented of proble in educa‘- 
tional technology in special” education. It seems necessary to ke asa , 
point of departure the set of broad. ‘aims accepted by the govern nt. 

- In the following goal-analysis, the teacher ought to capitalize on the 
existing aptitudes of pupils im special Brera but also attempt to- 
improve their aptitudes. 3 
When we confront somie of the usual taconormids with findings in research 
an the attainment of low-achievers, a number of inconsistencies seem 
to arise. This résult indicates that we ought to construct alternative 
taxonomies. The author suggests that the developmental cognitive the- 
ories of Bruner, Piaget, Vygotsky etc, are suitable.a starting -point 
for a taxonomy in mathematics for low “achievers. At zxcdniomic model 
has been developed from these assumptions. 
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’ A Swedish ; ro ject on: jpdivigiiany given remedial teachin in. 1:mathema ics 
} Ve 


~ . 


During, the spi 1963- zd a a ‘Swedish prajéct'was carried out on shal dually we 


given remedial teaching for children with learning difficulties, mainly in’ 
mathematics (dyscalculia), ‘The Swedi sh National Board of Education spon: 
. sored the project andwave considerable’ economic aid to locah authdritie’s a 
*’ who arranged this il, education. I spysele® was TRBPOREIDLS foy 
the, planning and evaluation of the - ‘project. ° 
The experiences of the projett have been surnma rizé gin several re-, 

ports; both on the particular topic of how low - achievers learn mathematics, , 
and in various ether more genesal respects, such as the efficacy of special 


dication. In a‘book in Swedish (Learning Difficulties in Mathematics); 


publaened half a yes ago, I have also describeda rationale of the. remedial 
sad tgachinig ¢ in mathematics clinics and in opdinery classes (Magne, 1973). 

to i 

tha ack round of ‘child n wath lesrnin difficulties, in mathematics. 
ere ae ae = oa “ 
> There are,, compared with writing and eeadingy very few studies son the: 


‘ “¥ducational background and conditions of children: with learning difficulties, 
ce siatbomnentces, In addition to the inve stigatyons. ‘I have conducted, I would 
like to mention one by Ross in the United States (1964), the ones by A-tonalt 
Aaa and Lytton (1961 and 1967) from Englieh schools and Weinschenk’s 
“ (1970) from Germany. I can also meition the 35th Yearbook of the National 
pout of Teache: rs of Mathematics, called The Slow Learner. in Mathe - a 


. 


. 


matics, ¢.- 


\¢ 
If exclude some apecitic norke from neurophysiology, I should like 
to ‘summarize , these "etadies in the following ern ey ¢ “eA 
(1) Low- achievers in mathematics have, frequtntly but not always, an 


_inadequate learning aptitude. One author has said: "Intelligence ap- 
‘pears to play by far thé largest part in mathematical attainments of 
- eve ry kin "' (Barakat, 1950). ss ; : 
re ; mo ge eS ae: Ge Rea. 2. ah 


we 


i \" = 


3 ’ a ‘ > 8 yh - a a ‘ ‘ P 
ir Ae * (ay In some “countries,” but notin slvedeni i't ‘fia’ been, shown that parents 
* . r, tt $ of iSirrachieving childten ee "ene to the’ lowe st socio - economic 
: a: wer, iv 
P a a = clasées. a a4 * “S ar | , : 
Tae ae (3) ‘Low- achievers, regularly tend to’ dtantey synitoms of sinottondl dis- a 
t F ae poe rordets, or a disturbed working ‘disposition,/ involving. lack ‘of intere st; 
oy é 7 NX . 
ean Has home or school maladjustment, s short attention, Span; lack of persist- | 
— ‘> " ence, GiRIEREn ANY limited initiative, insécurity, orin somé cases 


. wanxiety.” . = Gx Slow ee og . 
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a), “Abnormal physical: or social. conditions eel back found, but seem to 


- ¥e of less importance’ ‘than intellectual hendicaps or, emotional dis- “ 


; BP rap ge turbances.: os ps 


~ | ¥ 
. (5) Ambng the low-achievérs theré are a number of under-achievers, that 
ea ( is children with ah ‘adequate. Lestang SpHtUde. Under -achieveys in 
we mathematics are few compared with the number of under-achievers.- —. 


‘ in reading-and | eA The proportion is less than five percent of : 
2 . . a 
ee. Wor any age group. mt “ : 


sy ° 


a W (6) Under-athievers. display the sgyme synafoms 2 as low- achievers. 
(q) There ‘are ecrtain findings indicating that under - achievement inmathe- °< 


niatien may be caused by hereditary conditions. rr 


ww 


% Thus arithmetic lows achievefftent and under- achievement appear, as 4 


Pin te 9 4S complex and multi sfactoréd disabilities.. T would like to stress this abser- 
; vation, since, we have’ found it important When constructing Pyograms for4 : 


J : Shaonts with ‘learning difiicalties in mathematics. ‘No simple taxonomic 


. 


technique séemed to be: valid. . 


‘ 


ia m L30* Ate addition, I thirtk we have to accept. that most Vptudente with learning 
ie, 8 “Sandicape have a-similar complex ang: multiple - factored. nadistiend, 
Therefore, when they come ee the particular form. of special .education, 
aaa’ * which has been found to att tidm, ‘ehildren ought to be treated with re-. 


spect not to one handicap, bat to several,'* ¢ 5 4 : So! Wy.g 
a. a Fe . ee mee a ee 
‘- A few words on theories a ‘ hie : 
® 0 = 4 e we I a 
of ar ee ae oa ; i 
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5 rv) We now come to the q stidn of theories fok special education, Severél 

', conflicting background theories havg been sugge sted, although none pf. 

these is Sereunely well “edapted to the treatment ‘of these handicapped _ 4 
ae in this way,: uP the Swediall government report on the inner organization. of 

mn : the school (SIA LA. 1974), “several gencral theories on educational diagnosis ‘. 


are’ discussed, These are called 


‘ 


a 


the medical, model: 


the psychometric model 2 fo, ates , Mee, ah vay 
the admifiistrative model ’ ee st © “ae ~ a A nos rr aed 
the sociological model and’ ; AY ae 7 oS ris re 

ao. & i ore pres a 8 H . 
the ‘pedagogical rio tel. Stas oy eee er ae 


f think we must confess that in many Read we have develqped | reme - 


djal teaching techniques without ‘Hest having carefully chnainere? the -spe - 


cific problems involved. That isto say, we have developed a remedy’ y 
* without’ stifficient knowled e;of the ‘di seqaes Or, we have taken steps: Sea Y ry 
solve a peeblem which pb6bo¢ Ry has distinctly fqrmilated,” We have fatls ed . 


our hearts afhee than our heads. This may stem from the fact’ that ' in . 
many respects we lack'the necasaary research background to be able ‘ % 
describe a comprehensive theory for coping with all, types of special adifose 
tion or trestinents af personallty.handicaps. Perhaps we. only -have a Meee 
fs treating a smallnumber of handicaps, and only’ one theory for: each Casey,” - 
The assumption we. did adopt fdr our mgathematiés’ project : in ‘Sweden: ; , 
was based on findings, in developmental cognitive studies, e. gMby Bruner,s . + 
Piaget and Vygotsky. We know, ‘for instance, that it is extremely: difficult: ‘ 
to raise a low- achiever or unde r-achiever to the level ‘of his or her. peers, 4 nig 
*but ‘that this may be achteved, ie the teething is systematic and sihanaives 
This assumption) whieh we called ‘the i intensity approach; is based: ‘upon 
researches by several child psychologists. I wilk special ¥y mention the 
learning theory of Piaget, ‘who has ‘advanced what has been called a -cén- 
flict learning ‘médel Similar, learning theories, " suitable for remedial edu- .° ¥ 


cation, have been sugges sted by Freire (1970) an@ Witty (1949). ‘Laok of \. 


F ‘time prevents” me from going into further souls to describe thesé theories: 


<= a 


now, : x . : PN ? 

_for ‘the effective byeatment of low- achievers or under -achi¢vers in 
mathematics, wes found it necessary temporarily to intensify the. special 
education ina way whichtan not be ‘done in ofdinary classes, 

‘We also found it necessary to give priority. to higher cognitive pro- 
cesses such ag ‘discrimination, congept_ formation; Broblem'’ ‘solving, and 
structuring, Simpl¢ re spongent or operant Teaitning - or simple labelling -- 
, did not een to be cbfectivé according to dur studies. Finally,. there were | 
very strong haications that the’ remedial training, we, were engaged in 
failed to give re sults, unless we paid particular attention to the childrens’ 
individual needsy attitudes, feelings, motive s} -intérests and soon, . ' 


This raaal may be adapted fo other types of “apecial education. But 


te or go ORS Of F< oP et viet et Ree ‘ 
* >. wd ye ee a Fee E 
. apparently other, and partly onflicting, theories have been ‘suggested or, y, 
et Hi. in te 
> “.used for other Handi capse(ch, or instance Johnson & Myklehuat; 1967 | ae, te 
“and Kylén, 1974).°I thinks therefore; ‘that for the' time being, we" ‘shall eds 
have to apply: different theories to thé trBgtinentof varying types’ of spe -. ; 


_ cial education.’ One comprehensive Maser dese not seent hs be possible it ames 
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ay 


al ‘ ” faa ; th 
é of‘a chine: ‘with 


rte ”, According to this. theory, thg systematic treatme 
a = learning difficulties in mathematics may be described in‘the following. 


TN ¢ ; «. 
: ten points: + oF : : i ‘ % z" 
. re < > » hi { CE . 2 


a bei Diagnosis. yy ey 
. i $s 
. Teaching with increaegd teacher re yoteeee’ ree 


2 
. att 3. -Treatment of the chil” 's\mathematics difficulties‘on an wi individias ue 
7s 4 4, Simultaneous treatment of‘the child’ s other bakavior problem, i 
a 5. Adaptation of content, ‘instructional aidy/ana strategies | the behavior ci 
level of the child  ‘ ' é ae .*% ip. Se 
ik 6, Foundation of learning‘“in the child’s needs and interests. . ack ie 
Sioty 4 Ue" Personal involvement by child threu h activity, m, a A ‘; + i 
° 8, Formation of, experiences, often zs re-schooling © “ ae : 
; 9. Development of concepts and structufes ~ ahd, i attitudes. 
ie 3 « 10, Consolidating of skills after formation of cSacepts ate structures - : 
i s 4 i’ ' : , +5 ? Mes . eget? & : . 
a ‘The utility of educational technolopy in ecial education “** s “§ ¢ 
Bs We all acaans that an eftidint learniny situation: is ‘one subeyihich wey hi 
; - _ defined goals arg established. From (hit ppint’ aft view it ispuseful’ ‘and ** “ 
i ‘ . ‘ often’ necessary to state goieral “and afterwards als hehavioral objectives.” a 
: A systematic treatment of this‘kind is si ae called edudational tecKnology. : 
i go 4 Sometimes, hawie whe: the use of educational }echnology in schools is 


¥ ‘limited to lists of intellectual behaviora] ‘objectives., This is no sensible 


‘. way ‘to apply research findings to school idarning, practides, Before we go 


r 
se ae , ‘to specific aims, it scems esseftial to discuss a set of broad aims. It is, ~- 
- #8 , ‘ton Ciseanee,’ ‘important td’ rerhbimber. not only to capitalize on tho existing : 3 
7 ~~ aptitudes: of the ehudents in special: ‘education, but also. to attgmpt to im- : i 
s prove their aptitudes. ‘ ‘ oe 2 ' i 


* 


‘Cronbach (1967) ) has suggested three ways of adapting pattqrns of edu- _ 


‘ 


4 cation to individual differences as indicated in the third column of table 1. 
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Table 1, 

*  Edurational ae ; 
' goals _freatment 
(1) ‘Fixed oo »Y Fixed ; 


(2) Optiphs, 


(3) Fixed within 
a course or 
program, « 


ey 


Addition ‘by ‘the author: 


(4) Options. 
within a 
, course 


For special education the third pattern "Fixed goals, treatment op- 
to Cronbach "adaptation by erasing individual: differences". In this case we 


,sevent a set of goafs within a given course of programy, but there are alter- 


. make further addjtions or amendments, e.g. the one sugge Ht dasa fourth 


- pattern. In some Swedish schools this pattern is being implemented since 


’ 


*a year ago. ’ 


’ 


' we meet great difficulties, because of the extremely complex symptom 
picture in special education, It is not helpful and, in fact often harn nful; 

just | to.list a number of so-called “cognitive objectives". (Bloom, 1956; 
Gagné, 1970). Let us, for instance, analyze the ''mastery curriculum" by 
Bloom arid associates (1971). This list of objectives consists, mainly of 
Ww -leval. objectives in the cognitive domain, Higher -level objectives in 


this domain and essentially all objectives, in the psycho-motor or affective 


domain§ are lacking. 


One further remark may be added. According to the following line’ of 
argument itis wrong to base mathematics learning on the usual saxOnEMIGE 


(e.g. Bloom’s or Gagné *s) when we consider low-achicvers or under- 


~ 


Patterns of educational adaptation to individual, differences. 


Fixed within 


an option 


Alternatives .. 


provided 


Alternatives 
provided 


~ . +: . é e ae 
tions'' seems to be the-mast.interesting one, This pattern.means according 


’ Native instructional PEPBEDSHLS» 


I would like to comment” on Cronbach’ s table that it is possible to, ‘ 


When we continuc to the question of the utility of behavioral objectives, 


setevenederrsinesarstieninesiesecetaeteresenmen tps lens egsupeenasagensanssunscninnssies paces tinnyeannenses suey peseugenenue 


Is 


. . 


He 
, 


Possible iodificatonp to ! * 
meet’ individual needs i 


“la, ‘Alter duration of ‘schooling _ 
* “ jby sequential selection. 
1h. "Train to. criterion ‘on any 
skill or-topic, hence alter 
. duration of instruction, 
2a. ‘Determine for each student 
his prospective adult role 
and provide a curriculum 
pYeparing for that role.’ 
3a, Provide remedial adjundts ~ 
to fixed "main track! in- ° 
“struction, 5 EN 
3b. Teach different pupils by 
diffe rent methods 


assess rerenveneressosvenssvaeenidshenseetysoremars seid: 


4a. Provide individual curricula, -,. 
individual help, and/or 
diffe rent methods, 


4 


Eo 
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- achievers, Among other things, I will Jurgent that in special education 


og ee —- e eee = 
XN 2 a 
‘ oF 


os : ee hom, RE ies ‘ 
: % ie : ns J ‘ eS : ‘ ; q 
. ‘ “aa ‘ ,@ . 
ofher ¢ categories of leaming are more important than the ones included « 
in these taxonorhies, | a eS ee Lee tS 
.. Let us have a look at one of the more comprehensive tables of spe- 
| Bifications, This one has been provided by Wilsdn (1971). oh ‘ 
“ Table 2. Two- ‘dimensional’ schema of nhJective sh (wilsén, 1971). r 
OBJECTIVES: OF MATHEMATICS. INSTRUCTION: "| Oe | 
yoreiee Ty Ap eee Shaan 7 ls omeemnens San Snel - = Se > 
if ec ; BEHAVIORS os Mod ee eat, Ss | 
| 4 : AE Ble Su We =i a ‘Interest [ tue 
ee ' Gompu- Compre-. b . and | Appre - | 
‘CONTEN tation j, hension pplication Analysis — Attitudes | | ciation — | 
|Number 3 “Be age r ae .3! 
bsystems ' sae TN a aan) Cremmnees Cire 
~ = = = e $ y , 
jAlgebra | ap . | “ 
—t-)- Bie Soca ae pee a aictesenaeensis 
[Geometr . “4 i ; we Pe 
Dawe tags Sean HEY -g Sm- ee tas alts widen. sate naeesh aoe Pm = Soe Sp Sea 
ABeree es | 


A x™ 
The essential Plea in this table of specificdtion ts that behavioral, objectives 
of mathematicah instruction can be classified 3 an “two ways « af 
‘ rs : 
(1) by categories ‘of mathematical ‘content and 


ers ’ 
(2) ~by levels of behaviors ea ge Ra 


It can be instructive to te stfthe vatidity of a table “such as Wilson’ 8 with’ 
a simple case “study. 1 will. Biye ‘the Sid casa gxample of What some authors 
would eall a simple labelling pebvivior without understanding. .. r 


§ , 
Example: «A boy of 9 tries 4 solve. an addition problem 46+13 as followé &. 


aP 4 “ "He uses finger counting, . Sa / 
Step l: 46 -Step 2: 46 eo - s 
: +13 4 , *#1S YA 
os = 97" 


» Answer; 46 + 13 59 (Conrect?) ‘ 


Which category of the table does thig attempt-repre ‘sent ? Compiitation? 
Comprehension? Application ? Analysis? r ' 
I would bss to‘say: ALL! The otitcome of thig attempt, ‘together with 
, other items, bay be interpreted in the - following Way, ‘using the vocabulary 
in Wilson’s table. ane Yate teas ; ‘ ‘ 
‘This boy was not able to add correctly, although the answer rey | 


* 


to be correct. We may call his performance an outcome of a “cognitive 
disposition acquired through misinté rpretations of. conceptual patterns, 
and this menta] disposition yielded wrong results iy addition, The obvious 
‘interpretation is that his performance is the consequence of higher pro- 


cesses, but not of simple labelling? /7He failed in his @ormputation|because ‘ 


™ - = ¢ 
® = (ier , : : 


. i ‘ , . 
’ 


t 3 = ; . : ‘ 1 8 
» he ig wrong in his demprehension, application, and analysis of addition 


“ 


_concepts, s ‘ ‘ ~ 


a Fe 
i 


= Therefore, I an not accept the aay, represented in-some hierarchical | 
gst ‘ taxonomies (euch as those of Bloom, Gagne - and Wilson). Perhaps com - 
“y a putation, should be considered the highest level and analysis the lowest one, 
a "Application seems to be so closely connected to every other ere 
trait or Gituation, whether its cognitive level is high or low, that I will put 
* the que stion, of waotiee application. can be: looked upon as an independent 
hea 8 5 Ms category. In the same wal analysis and comprehension seem to be involved 
. ; ty ; in every enue problem-solving or thinking situation, irrespective of 
7 i ss "cok sa cao : 
X For the conditions we studied in our mathematics project, we came to rere : 
_ the ‘conclusion; that’ we preferred qa taxonomy, or classification, organized 
5 by levels of cognitive complexity, We tried to formulate a taxonomy which 
ae should have theories of Bartlett, Bruner, and Piaget as a starting-point, : 
, These theories recognize children’ s stages of cognitive qavetoprannt as , 
‘, well as their strategies. of groblem- -solving. aes 
‘Thus, it is my opinion that children’ 8 mathematical experience should 
: match their stages of development in mathematical ideas, There are /two 
; sides to the problem: one is to be able to recognize the perfdrmance level 
.{ | a particular child has reached with re spect 1 to a certain area of expavienees 
and the.other is to know what kind of activity corre sponds to this ‘stage of 
aa =, Me development, It is essential that both these factors are known, .andonly . 
el ba. ; “then can ''matching" be done. 2 F 
" This interprdtation of ouzymathematics project is ¥ummarized in 
aaa : ‘table 3. Ihave also given an example of a possible case of the achieve - 
i» a ment, ofa non-treated low-achiever. I will not ge into detail now, but I 
% ‘would like to strass that» taxonomy of thigytype’ ‘seems to be much better ° 
a’: = suited to the data front ‘this project than thd conventional Saas: ms 
This taxonomic ‘model can ‘be developed to include further character- 
istics of mathematics instruction, c. g.. the mathematical content, the in- 
structional’ aids, and evaluation techniques, The model will then be multi- 1 
y : dimensional, of course. Ifthis is donc, Cronbach’s teaching-patterns will 
ae *xS be covered. ’ ‘ 
“It has been shown by Weaver (1970) that in contemporary;mathematics 


programs different and partly conflicting types of content characteristics 


i . “. can be identified. This may also be the case for other school’ subjects. ; s 
f mei Such types of chs rackets see of mathematics programmes embrace for 
+ instance on 
ad f a ; ie ay 
: a0} 


a 


> 
seg 


= ; ; a % “% ; : : ‘ ‘ 
MAS Heyes De ant 
eo 4. Mable 3, seu APactvee: of: chillies ge for low -achievers 
Ses saa ia (Magnes, AQT). o 


The Objectives 
The tivities 
Corre sponding 
to the Stage of 
Development | t Conc. rete 
ai an i Operations : 


or - 


Needs, Attitudes 
Interests 


. | Observation, 
>»  |Exploration, 


Ordering of ee Lf a 
© Observations LAE Al eet abs 


Patterns 


piitemes ee 
Compufional Skills LLL 
Gemmunication 


_| Disc rimination 
Between Methods 
_._— |. ° or Models 


Critical and 
Creative: : 
Interpretation 


. primitive concepts and other key ideas aot 
conventions, agreements, techniques, and processas , 9 
applications to other subject matter, and - : a 


> \ 


eatenonies which concern the logical structure of the content,. 


5 


If we consider only the usual conventions, the domain of Bernel mathe” : 
matics could be represented by the general objectives according to tablé 3 
with the added dimension of mathematics content, This is made explicit in 
the following figure, where the content categories are taken frqm Weaver, 

It seems possible that this taxonomy or similar taxonomies are suitable 
‘for other forms of remedial teaching, Finally, it is my belief that ajtaxo- “e 
nomy of this type better fulfils our aims to find suitable objertives for ‘. : 
” children learning mathematics in ordinary classes, 
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d activi- 


corresponding to 
f develop- 
te 
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